Vendor Evaluation and Selection is one of the most critical activities of purchasing management in supply chain. It is a complex problem involving qualitative and quantitative multi-criteria. A trade-off between these tangible and intangible factors is essential in selecting the best supplier. This paper aims to develop a vendor rating system for Engineering Construction Industry where there is a huge involvement in the purchases of Pipes (like Ductile Iron, Mild Steel, HDPE, RCC, PVC), Pumps, Electrical items (like Panels, PLC, Motors, Generators) and Mechanical items for Water & Effluent Treatment Projects. The conventional method is less accurate in ranking the vendors as a result of greater amount of subjectivity.This paper focuses on developing a Vendor Rating System using AHP methodology to choose the best suppliers in such a way to reduce the time taken for the selection process.
I. Introduction
Infrastructure sector, a key driver for the Indian economy is highly responsible for propelling the country's overall development and enjoys intense focus from Government for initiating policies that would ensure time-bound creation of world class infrastructure in the country. Infrastructure sector includes power, bridges, dams, roads and urban infrastructure development. In 2016, India jumped 19 places in World Bank's Logistics Performance Index (LPI) to rank 35th amongst 160 countries. One of the key sectors is the construction Industry which contributes to 10 per cent of India's GDP. The construction industry is climbing up the growth ladder, with 100 per cent FDI and an expected investment of $650 billion in the coming 20 years. In general, construction industry can be classified under 3 major categories; viz, buildings, infrastructure and industrial. Building construction is further divided into Residential and Non-residential (commercial / institutional).Non-residential, which has three sub-sectors; namely, Heavy industrial construction, Institutional and commercial construction. Heavy Industrial Construction involves building huge industrial facilities like power plants, refineries, nuclear plants, mines and oil sands installations.
Institutional and commercial construction refers to the building of structures such as high-rise condos and office towers, stadiums, schools, hospitals, malls, libraries, art galleries and museums. Engineering Construction provides the core infrastructure and installation of the essential services that keep the community running smoothly. It involves building the bridges, highways, roads and mass transit systems that allow people to travel safely in their everyday lives. Engineering Construction involves installing essential services like water treatment systems that keep communities healthy, and power and communication lines that support economic growth. The Engineering Construction sector improves our quality of life. The Supply chain has been defined as "a network of facilities that procure raw materials, transform them into intermediate goods and then final products, and deliver the products to customers through a distribution system".  Ductile iron pipe is highly accepted because of its excellent strength, durability and laying workability.
 Ductile iron is improved gray cast iron which is superior in mechanical property yet stronger than steel.
 Magnesium or its alloy is added to molten iron to spheroidize graphite. • Mild Steel (MS) pipes are manufactured using low carbon (less than 0.25%) steel. Due to low carbon content the pipes do not harden and are easy to use.
• As MS Pipes are made from mild steel they can easily be welded and formed in various shapes and sizes for pipelining and tubing purposes.
• These are generally used for drinking water supply i.e. Plumbing, Firefighting, HVAC but can also be used in various other Industrial and Engineering applications.
• These pipes are usually coated with other metals/paints/varnish etc., to prevent it from rusting but extra care should be taken to prevent it under extreme conditions HDPE Pipes:
• Pipes made from Polyethylene (PE) is a costeffective answer for a number of piping problems in Metropolitan, Municipal, Industrial, Underwater, Mining, Landfill Gas extraction, Cable duct and agricultural applications.
• It has been tested and proven effective for underground, above ground, surface, under water as well as floating pipe applications.
• Polyethylene pipes both High Density (HDPE) and Medium Density (MDPE) can carry potable water, wastewater, slurries, chemicals, hazardous wastes, cables and compressed gases as well as oils.
• Polyethylene pipes have a long and successful service experience to the gas oil, mining and water utility industries. Huang et al (2007) explains that as firms are increasingly becoming outsourcing oriented, supplier selection has become a major strategic decision for Original Equipment Manufacturers (OEMs). While strategic thinking cannot provide quantitative solutions, a mathematically optimal solution has no meaning if it does not match a firm's business strategy. Therefore, there is a need to integrate strategic thinking with quantitative optimization in order to make sound and effective decisions on supplier selection. The authors present an integration mechanism in terms of a set of comprehensive and configurable metrics arranged hierarchically that takes into account product type, supplier type, and OEM/supplier integration level. Based on a firm's business strategy, the management configures an appropriate set of metrics used to measure supplier performance. An optimal supplier selection decision is then made based on this chosen set of metrics, achieving a strategic fit between the firm's business model and its supply chain strategy.
FarzadTahriri et al., (2008) in their research
represented the systematic identification of the important criteria for supplier selection process. The authors exhibited the application of development of a multi-criteria decision model for evaluation and selection of suppliers with proposed AHP model, which by scoring the performance of suppliers is able to reduce the time taken to select a vendor. In their paper, an AHP-based supplier selection model is formulated and then applied to a real case study for a steel manufacturing company in Malaysia. The use of the proposed model indicates that it can be applied to improve and assist decision making to resolve the supplier selection problem in choosing the optimal supplier combination.
In today's highly competitive and interrelated manufacturing environment, effective selection of suppliers is very important to the success of manufacturing firm (Krishna Veni et al., 2012). Evaluation and selection of the best among the offers provided by the various suppliers is a complex problem, that takes into account both tangible and intangible criteria's. The authors consider supplier selection as a multi-criterion decision problem. Data Envelopment Analysis (DEA) is used to generate local weights of alternatives from pairwise comparison judgement matrices used in the Analytical Hierarchy Process (AHP). The local weights generated by DEA are aggregated using AHP Procedure.
Vendor Rating Using Analytical Hierarchical Process
The proposed system for Vendor Rating is based on using Analytical Hierarchical Process (AHP) for evaluating and ranking vendors. This system is proposed to minimize subjectivity in assigning weights for the criteria and also improve the efficiency of the decision-making approach.
The conventional approach has some flaws which includes-no specific guideline for assigning the weights for the criterion; high amount of vendor bias; the rating is performed by a single person who was in charge of ordering a single type of pipe and he might not have extensive input information about the qualitative criterion of vendors dealing in other type of pipes.
The Analytical Hierarchical Process (AHP), introduced by Thomas Saaty (1980), is an effective tool for dealing with complex decision making, and may aid the decision maker to set priorities and make the best decision. By reducing complex decisions to a series of pairwise comparisons, and then synthesizing the results, the AHP helps to capture both subjective and objective aspects of a decision. In addition, the AHP incorporates a useful technique for checking the consistency of the decision maker's evaluations, thus reducing the bias in the decision-making process. AHP considers a set of evaluation criteria, and a set of alternative options among which the best decision is to be made. It is important to note that, since some of the criteria could be contrasting, it is not true in general that the best option is the one which optimizes each single criterion, rather the one which achieves the most suitable trade-off among the different criteria.
To initiate the AHP process, we identify the following three step procedure
• The decision-making problem is decomposed into a hierarchy structure.
• Pair wise comparisons are made and establish priorities among the elements in the hierarchy.
• Synthesise judgments (to obtain the set of overall or weights for achieving your goal).
• Evaluate and check the consistency of judgements.
Step 1 -Hierarchy Structure
The hierarchy structure starts with the ultimate goal. To achieve this goal, various criteria are developed. They are linked to the alternatives. In the proposed system, the main goal is to develop a system to rate the vendors. The multiple criteria used for decisionmaking are quality, on-time delivery, price, responsiveness and credit period. The vendors are used for the decision alternatives.
Step 2 -Pair-wise Comparisons:
Pair-wise comparisons are made to establish priorities among the elements in the hierarchy. For pair-wise comparisons, each alternative (or Vendor) is matched head-to-head (one-on-one) with each of the other alternatives (Vendors) on the basis of selection criteria. The table below shows the pairwise comparison of vendors based on Quality. There are four vendors, V1, V2, V3 and V4 under consideration for DI pipes.
A pair-wise comparison among selection criteria is done to determine the relative importance (weights) among them. Then vendors are compared on each selection criteria separately to obtain the scores. The pairwise comparison for DI pipes based on Quality is given below.
The normalized matrix is obtained by dividing the cell value with the column total. The table below gives the normalized matrix for DI pipes with respect to Quality.
From the normalized table, calculate row total and row average which is shown in the table below.
Step 3-Consistency Check Consistency Measure is being calculated by matrix multiplication (first row of normalized matrix with column of averages) and then dividing the resultant value by the corresponding average value.
Consistency Index (CI) is obtained from the formula max− −1 Where n = number of vendors λmax = average of Consistency Measure
The consistency index (CI) is 0.0152. Since the CI is < 0.1. Similar analysis is done for
Response
The pair-wise comparisons of the vendors with respect to Response criteria are given below with the respective normalized matrix, scores and consistency index.
Price
The pair-wise comparisons of the vendors with respect to Price criteria are given below with the respective normalized matrix, scores and consistency index.
Delivery
The pair-wise comparisons of the vendors with respect to Delivery criteria are given below with the respective normalized matrix, scores and consistency index.
Credit Period
The pair-wise comparisons of the vendors with respect to Credit criteria are given below with the respective normalized matrix, scores and consistency index. The Final Scores for each vendor is obtained by matrix multiplying the weights of criteria and scores of vendors rated based on each criterion.
Thus, we find that it is possible to rate the vendors using multi-criteria using Analytical Hierarchical Processing. The Vendor V2 is top in the rating followed by V3, V1 and V4.
Conclusion
The proposed Vendor Rating System has reduced some amount of subjectivity in evaluating the performance of vendors, but it is not completely free of subjectivity. This rating system uses only AHP methodology. However, this method can be coupled with techniques like Data Envelopment Analysis (DEA), Muti-Objective Linear Programming etc., in order to increase the efficiency of output. This system considers only major selection criterion for rating the vendors. However, there are various other criterion like financial prudence, brand image, etc., available for rating the vendors. The feedback may be given to vendors based on their ranking, obtained through this system. This system is found to be useful for vendor development and interaction.
